Joint strength and stiffness in the non-diaphragm connection of CHS-column to bilateral H-beams are numerically investigated by means of finite element method. Planar frame with unidirectional beams and space frame with bidirectional beams are analyzed under vertical and horizontal loadings. In result, the yield, plastic, and maximum strengths of the joint are little influenced by the existence of transverse beams, while the elastic stiffness is increased by the transverse beams considerably under vertical loading and moderately under horizontal loading. The formulae of joint strength and stiffness, which had been originally proposed for unidirectional beams, were further developed for bidirectional beams, and their predictions demonstrated satisfactory agreements with the numerical solutions. Joint strength and stiffness in the non-diaphragm connection of CHS-column to bilateral H-beams are numerically investigated by means of finite element method. Planar frame with unidirectional beams and space frame with bidirectional beams are analyzed under vertical and horizontal loadings. In result, the yield, plastic, and maximum strengths of the joint are little influenced by the existence of transverse beams, while the elastic stiffness is increased by the transverse beams considerably under vertical loading and moderately under horizontal loading. The formulae of joint strength and stiffness, which had been originally proposed for unidirectional beams, were further developed for bidirectional beams, and their predictions demonstrated satisfactory agreements with the numerical solutions. Joint strength and stiffness in the non-diaphragm connection of CHS-column to bilateral H-beams are numerically investigated by means of finite element method. Planar frame with unidirectional beams and space frame with bidirectional beams are analyzed under vertical and horizontal loadings. In result, the yield, plastic, and maximum strengths of the joint are little influenced by the existence of transverse beams, while the elastic stiffness is increased by the transverse beams considerably under vertical loading and moderately under horizontal loading. The formulae of joint strength and stiffness, which had been originally proposed for unidirectional beams, were further developed for bidirectional beams, and their predictions demonstrated satisfactory agreements with the numerical solutions.
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(26) The non-diaphragm connection is expected to be practiced in steel moment frames consisting of columns of circular hollow section (CHS) and beams of H-section, because it yields much simpler details and less welding than the ordinary through-diaphragm connection. However, the joint in the connection undergoes out-of-plane deformation of the unrestrained wall of the CHS and consequently becomes semi-rigid. Although many technical knowledge on the non-diaphragm connection has been accumulated, the effect of transverse beams on the joint behavior is still unknown, which is the subject of this study.
Numerical investigation by means of finite element method was carried out to find the joint strength and stiffness in the non-diaphragm connection of CHS-column to bilateral H-beams. Plane frames with unidirectional beams and space frames with bidirectional beams are analyzed under vertical and horizontal loadings, as shown in Figures 1, 2, and 3. The stress-strain curves of the CHS column of cold-formed and heat-treated conditions as shown in Fig.4 were employed in the analysis.
Sixty-eight specimens were analyzed and their solutions are summarized in Table 1 . Each specimen has its own ID symbol like A0PaC which indicates structural type 'A0', loading type 'P', uniform column 'a' ('b' for partially thickened column), and cold-formed 'C' ('H' for heat-treated). Some symbols include 'S' or 'L', which indicate smaller or larger transverse beams than the main beam. Typical curves of joint moment vs. joint rotation and their failure deformations are demonstrated in Fig.5 and Fig.6 , respectively.
Effects of transverse beams on joint properties are displayed in Fig.7 , in which the ordinate is the increase rate due to transverse beams and the abscissa is the designation for members, e.g., 'aC' for uniform and cold-formed CHS.
The four graphs from left to right show the ratios of yield, plastic, and ultimate strengths and elastic stiffness. It is found that the effect on joint strength is relatively small both for vertical loading 'P' and horizontal loading 'Q', while the effect on joint stiffness is remarkable and random. Figures 8 shows the differences between loading conditions 'P' and 'Q' for the joint strength and stiffness, and Fig. 9 shows the differences between one-side and both-side main beams. It is found that the stiffness is much influenced by these factors, while the strengths are not.
Above numerical observations suggest that the formulae for joint strengths which were originally proposed for unidirectional beams as repeated in Equations (5) to (25), can be applied to bidirectional beams without any modifications. However, the formula for joint stiffness for unidirectional beams should be developed to incorporate the effect of transverse beams as shown in Fig.12 and Fig.13 , which is resulted in Equation (33) 
